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to permit observation for centering ray of light. With 
lunar halos it is rarely possible to center by means of the 
ray of light. In  this cme the pointer is set at zero and 
centered .on moon by adjustment at F. Set screw at F 
is clamped, and pointer moved to limb of halo as in the 
other case. Brass strap over tube holds it in place and 
may be tightened by set screw G to hold scale board in 
place. Axle at M is a pin used for a maximum ther- 
mometer with old-style thermometer support, flattened 
at end and driven into scale board, furnishin a handle 

one-third inch thick material and three-fourths inch 
wide-width to provide place for level. Nephoscope 
level has been used and works well. I have not et 

scale oard is in vertical plane when that is desired. 
Fm halos.-By shirting of base H and angle of inclina- 

tion a t  F, center ray of light from sun A passing through 

for turning or holding the board. Pointer d is about 

ed a satisfactov mounting for level to insure t i a t  

small aperture at B on point C a t  center of back of tube 
visible through cut out. If halo is complete no shiftin 

may be turned on tuxis B M ,  so that the pointer D will 
bear on the segment visible. Sight along ointer D 
turning on ivot 0 until it bears on the limb o P the halo. 

of board S is necessyy; if but a portion is visible, boar f 

Angle of raf;ius of halo will be 

An les in horizontal p r ane may be measured by leve P mg 
boar B S and clamping at F and G to hold stationary. 

o t jects whose angular relation is desiref and noting 

Angdar elwation qf any heavenly 
at zero: set. small level on pointer 
sary to level pointer. Clanip F.-This establishes 
horizon. Turn pointer on object whose elevation is 
desired and position of ointer on scale will show an le. 

If desired, C‘ on the scale may be set true north or south 
b means of compass. Sighting along ointer D at 

reading on scale in each case gives data desired. 

RECENT CONTRIBUTIONS TO DYNAMICAL METEOROLOGY. 

By EDQAB ti’. ROOLARD. 
[Weather Bureau, Washington, D. C., April 13,19?z.] 

In  the fifth century B. C., Anaximander of Ionia gave 
a scientxc definition of wind, which is still valid, viz., 
“The wind is a flowing of air,” although there should per- 
haps be added the words “relative to the surface of the 
earth.” Sometimes a wind is defined as air in motion near 
the earth’s surface and nearly parallel to the latter, all 
other motions of masses of air beiu spoken of as air cur- 

it is unimportant for purposes of dynamical meteorology. 
considers the mass niotions 

rents; 1 but this distinction is not a f ways recognized, and 

taking lace in the eart T ’s atmosphere; such motions 
must o P necessity obey the ordinary laws of dynamics. 

Therefore the starting point o 9 dynamical meteorology 

A compre 7l ensive treatise on dynamical 

reys, in the latest of which he has given a c P assification 

hydrostatic pressure, an 7 friction; the acceleration of t g e 

Dynarmcal meteorolo 

Now, it may be demonstrated directly from the kinetic 
theory that although a gas is composed of discrete par- 
ticles, its mass motions will obey the ordinary hydro- 
dpamical equations derivedS explicitly on the very 
hfferent assumption of .continuit . 
will be the hydrodynarmcal e uations of motion of a flud 
covering a rotating globe.4 Ly uantitative theory of 
the vmous winds involves h t  of & a general account of 
the fundamental d amical principles common to dl 
winds, and a class’ lf? cation of winds based on dynamical 
principles, with a subse uent elaboration of the theory of 

meteoroogy, each tyf=. written for the student with extensive 
mathematical training, has not yet appeared, although 
such a work is much to be desired; of great importance in 
this connection, however, are the recent pa era of Jeff- 

of winds, based on a discussion of the relative importance 
of the various relevant physical factors which determine 
the characteristics of each type as expressed in the 
differential equations of motion. 

on any mass of air are gravit , 
mass is composed of two parts-acceleration relative to 
the surface of the earth, which we observe, and the 
acceleration common to this surface itself; by the laws of 

The only forces act’ 

Quar. Jour. Roy. Met’l Soc., 48 : 29-47, 

motion, the sum of the two arts of this actual accelera- 

the three forces. Each term or set of terms in the general 
equations represents one of the five rates of change of 
momen tum corresponding to the five accelerations. 
Ln the case of atniospheric niotions, the general equa- 

tions reduce to- 

tion is equal to the s u m  of t f e accelerations produced by 

zi + 2~ucose = - - .- + 2- dv 
P ~ Y  bz2 t 

We then have three ossible cases: (1) Eulerian winds, 

in coni arison with the accelerational term that they may 
be negected-the observable acceleration corresponds to 
to the horizontal pressure gradient, as in ordinary elemen- 
tary hydrodynamics; (2) geostrophic winds, in which the 
accelerational and frictional terms are neglkible in com- 
parison wit-h t,he rotational term-the velocity is a t  right 
angles to t,he pressure gradient; (3) antitriptic winds, in 
which the rotational and accelerational terms are neg- 
ligible in comparison with the frictional term-these 
winds are driven b , and blow in the direction of the 
pressure gradient, cut the velocity does not increase 
throughout the whole journey. 

A consideration of the factors shows that winds on 8 
scale comparable with the size of the British Isles, or 
larger, are geostrophic; tropical c clones, and all cyclos- 

breezes, and mountain and valley winds, are mainly 
antitriptic. However, in order to explain seasonal pres- 
sure changes at the earth’s surface, the accelerational term 
must be retained in the equations for the geostrophic 
wind; temperature differences are capable of accounting 
for the annual pressure variation in Asia and probably for 
the permanent winds of Antarctica. Jeffreys has worked 
out a mathematical theory of some of the antitriptic winds 
which agrees well with the facts. A fundamental part is 
layed by the deviation of the actual average temperature 

fapse rate from the adiabatic value. 

in which the rot,at,iona P and frictions1 terms are so small 

trophic winds, as tornadoes, are E ulerian; land and sea 
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tion. 
L e e  
n =number of independent, or of paired, measures. 
n- = number of measures below the average. 
n+ =number of measures above the average. 

Zm =sum of independent measures. 
Zm-=sum of measures below the average. 

Classical hydrodynamics, however, does not afford a 
satisfactory means of dealing with the general equations 
of motion derived above, for they involve the densit , 
into account the physical roperties of the fluid, the classi- 

of the ressure only.’ In the actual cases of nature, par- 

independent variables enter, such as temperature, hu- 
mi&t , salinity, etc. The hydrod arnica1 theory of 

variables than the ressure also affect the density-has 

and wherever, as a ‘consequence, it is necessary to ta z e 

cal theory ractically a r ways assumes an equation of 
state of the P orm f ( p ,  p )  = 0, the density being a function 

ticular r y in meteorology and hydrography, many other 

haroc&& fluids-i. e., fluids in whic 8” other independent 

been worked out by 5 jerknes and has recently been made 
-~ 

See Lamb, op. n’t., art. 8; rf. Appell, op. rif., art. 627. 

--- ----- 
4 5 -3 9 -7 49 21 
5 8 -2 4 -4 I6 8 

1 1 6 11 -1 1 -1 
1 0  7 11 0 0 -1 

8 13 1 1 1 1 1 
9 18 2 4 6 36 12 

10 18 3 9 6 36 18 

9 [u ........ 28 ........ 140 61 
------- 

a-7 c-12 

easily accessible in elementary form by Appell.’ In such 
fluids surfaces of equal density am not a lwqs surfaces of 
equal pressure, and the formation and annihilation of 
vortices are possible. 

The application of this theory to the dynamics of the 
earth’s atmosphere has also been largely the work of 
Bjerknes, havmg been’worked out in parallel with the 
well-known empirical investigations of the Bergen 
meteorologists. There has recently a peared a compre 
hensive and up-to-date summar of t Yl e whole subject: 

meteorology. 
which constitutes a most valuab r e memoir on theoretical 
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zB--22Sa+W.. ZRI--1ZRc+nd. 2SR--ZSc--ERa+Mc. I I 

Now, since ZS-na, and ZR-ne, then ZSc=n.uc, 
ERa = nuc, and ZSR - ZSc - ZRa +w = ZSR- me; fur- 
thermore, since ESa=nag, and E R c - d ,  then ZSg- 
3ESa + n u s  ESa - ma, and X P  - 2ZRc +. m? = Z!lP - ncg. 

fi SR 

7b(l~c = 588. 
n u 9  =343. 
ncl -1,008, 

- 0.974. 
61 
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